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Tropical Cyclone — Integrated Data Exchange and Analysis System
(TC-IDEAS) - coming soon as Part of the HSRP

Joint NASA Jet Propulsion Lab and Marshall Space Flight Center Project
The JPLITCIS

Obijective: To provide fusion of multi-

I D Pt

T —— parameter hurricane observations
- T (satellite, airborne and in-situ) and
,* i model simulations with the purpose of:
e — supporting both research and field
R Jr T — gt rrren campaigns
,,,,,,,, e — understanding the physical processes
e e B e — improving hurricane forecast by
facilitating model validation and data
i assimilation
= — enabling the development of new
2 algorithms sensors and missions.
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Motivation for developing SPL
ITCIS and the coming_soon TC-IDEAS

- In spite of recent improvements in hurricane track forecast accuracy,
there are still many unanswered questions about the physical
processes that determine hurricane genesis, track and intensity.

- Furthermore, there is a pressing need to validate and improve
hurricane forecast models!!

- None of this can be accomplished without bringing together models
and observations into a common analysis system which does not yet
exist

- The JPL-MSFC team is very well positioned to accomplish that
because of our:

e extensive experience with satellite and airborne observations and
intimate knowledge about retrieved products

e ability to bring observations and models together by developing
instrument simulators that use the model output and generate satellite
“‘observables” needed:

- for model-data comparisons
- for data assimilation
3/4/09 - for instrument and mission design 3



JPL

The components of TC-IDEAS

. Observations

- Satellite, airborne, in-situ

- Large scale and storm scale

- All storm scale observations are presented in a common space, centered on the storm
- Data and images

- Data are organized in an easy way to determine when coincident observations are present

« Google Earth applications for Real Time Mission Monitoring (RTMM)
and on-demand overlay of various observations

« High-resolution model simulations

« Instrument simulators (e.g. radar reflectivity, brightness temperatures etc. at the
geometry of current and future missions)

. Analysis tools

- Principal Component Analysis; CFADs (Contoured Frequency by Altitude Diagrams)
- Multiparameter, spatial and temporal covariances for use in data assimilation

- Data query tools

3/4/09 4
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Welcome to the JPL Tropical Cyclone Information System

The JPL Tropical Cyclone Information System
(TCIS) brings together satellite and in situ data
sets from various sources to help you find
information for a particular tropical cyclone over the
world ocean. Currently, we have populated the
entire 2005 and we will add data from other years in
the future. We hope that you will find our analysis

2 main Com ponents tools useful for your studies to improve hurricane

models and plan future satellite missions with a

I n th e curre nt particular focus on tropical cyclones.

\ Supertyphoon Pongsona stuck the U.S. Island of Guam on Sunday, December 8, 2002. The
composite image (eft) of the supertyphoon was made by ovedaying data from the infrared, microwave,

and visible hear-infrared sensors that make up the AIRS sounding system. This storm can also be seen
standard AIRS YisMNIR (fight).

Z Tropical Cyclone Data Portal > Data Analysis Tool

Here you can search for specific storms in 2005 and directly This tool will let you analyze data associated with a storm. You
access data and plots associated with that storm. can plot histograms, maps, and profiles for many different data
sets and products.
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TOPICAL CYCLONE DATA PORTAL — CURRENT STATUS JPL
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Analysis Tools — CURRENT STATUS
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High-resolution modelling - to be included sc')'olﬁl‘

WRF Model Simulations - RITA, September, 2005

WRF—Rita; WlndsSfc: Resolution:1.3km; Domain=402x402points; Dote/Tlme 2005265—-144C00

High-resolution model simulations B i 'j’, . B
........................ LN
provide a very detailed information B % e :
on the structure and evolution of fﬁ.:"g-cy “‘ L WS e
hurricanes. Observations with B o5 ; e e S
such high-resolution in both

space and time do not yet exist! SN S P R, A

We could learn a lot about e - A o W
hurricane processes by studying sl | =, g%
model simulations.

However, this is true ONLY if we
trust the model simulations ...

Detailed model - data
comparisons are needed to
validate and improve the models.

3/4/09
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Evaluating hurricane simulations.... —PL

Tracks of simulated and observed storms
KATRINA - 2005 | RITA - 2005

1 LI L U O I B B o 1 LI LB L U
920 523 526 8929 9}}2 S$5 9.4>B 9l1 914 47 ‘5‘%0 a1a 817 924 831 9}:8 SJ-S 9;*2 9$s 9%6 ar3 Qéﬂ
Coler ceded by Preasure Coler coded by Pressure
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Instrument Simulators for model evaluation JIPL
WRF - Rain Rate WRF - max reflectivitv WRF - Path Attenuation

112cpu Dclte/ﬂme 2005265—14300C™=WRF—Rita; Resolutiol

WRF—thu,, Resoluhon 1.3km; Grld d03; rnpS cp1 pb|1

4. Okm; 402x402 polnls, KUband(13.8GHz);Date /Time: 2005265—15300(WRF—Rita; Resolution=4.0km; 402x402 polnts KUbund(1SBGHz) Date /Time: 2005265-1530C0

000 025 050 1.00 300 500 1000 2000 3000 50.00 1oo oo |so 00 300.00 306.00 000 10.00 1500 20.00 2500 30.00 3500 4000 50.00 60.00 100.00 100.00 000 025 050 00 500 10.00 2000 3000 50.00 7500 100.00 200.00 200,00
RR [rm/h]; Mox RR = 153.08 mm/h; Min RR = 000 Max Atternuated Reflectiity [dB]; Mox = 45.43; PuthAMn [dB]; Max = 72.31; Incidence angle = 46.0 deg;

TRMM Raln Rate | TRMM max reflectlwty | TRMM Path Attenuatlon

000 025 0S5¢ 1.00 300 500 10.00 2000 30.00 50.0¢ 106.00 150,00 300.00 300.60 0.00 10,00 1500 2000 2500 30.00 3500 40.00 S0.0C €0.0C 100.00 100.60 000 025 0S50 1.00 300 500 10.00 2000 30.00 50.00 7S.00 100,00 200.00 20000
PR_Ruain_Rate_sfc [mm/h]; Max = 124.13 MaxZ [dB]; Max = 45.69 Assumed Incidence fngle = 46.0 deg; PR_An 2421 [dB]; Max = 42.78



Hurricane Modelling and Instrument Simulators L
for Mission Design

WREF output fields can be used . Ku band Attenuatlon C band Attenuatlon
as input to instrument ™ r ol AT ‘
simulators (e.g. Volume
Backscatter, Path Integrated ! r
Attenuation, Wind-Induced Sigma0) FS : '
Example: enable the design of :
the future scatterometers

by simulating rain-associated
contributions to the wind sigma0
for Rita — 15:30Z, Sep. 22, 2005 E—— o

WRF Ram Rate Ku badpmldinellﬁléaz:li“sgcatter C band - Rain Backscatter

000 025 0.50 I.OO 3.00 S,OO 10.00 20.00 30.00 50.00 75.00 100.00 200.00 200.00

WRF—Rita; Resolution=1 Z’:krn 402x402 polnls, KUb nd((13.8GHz )D ate /Trne 2005265-153000

.............................

[ N [ s e e

000 025 050 1.00 300 500 1000 2000 3000 50.00 100.00 150.00 300.00 300,00 —60.00 —45.00 —30.00 —25.00 20,00 —15.00 —12.50 —10.00 —7.50 -5.00 000 000 —60.00 —45. 0?/ Igo 00 - 35‘5[39]2%°° 15?29412'50 10 00 1750435'?0 0.00 000
SFC Rain Rate [mm/h]; Max = 136.03 VolSigma_ottn [dB]; Max = —4.43; Incidence angle = 46.0 deg; igmaa angle g



Evaluating hurricane simulations.... _JPL

WRF—Rita;; Resolution:1.2km; Grid d02; mpé; cpl; pbll; 112cpu Date/Time: 2006265—16000C

____________ 5 s
. I i i ) o x "!
Impact of model microphysics &= v SV ORI |

The treatment of microphysical processes in hurricane S » 5 : s .
models has impact on the structure and the intensity of the S L ‘ \ R =Y Micro6
forecasted storms. : : : ‘ -

The question is whether satellite observations provide 3 = A 39 ¢
enough information to help select the microphysical L s~ AN . F o B~ S
parameterization that produces the most realistic storms. ; : ; ; :

Preliminary research shows that, indeed, satelite ~ [ofe e ]
observations can help discriminate between simulations with ;

different microphysics and select the most appropriate one.

WRF—Rita;; Resolution:1.3km; Grid d02; mp3; cpl; pbll; 112cpu; Date/Time: 2006265—16000C
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31 - microphysics 3; convective scheme 1 61 - micro. 6; conv. 1 81 - micro. 8; conv. ;.lpl-
32 - microphysics 3; convective scheme 2 62 - micro. 6; conv. 2 82 - micro. 8; conv.
33 - microphysics 3; convective scheme 3 63 - micro. 6; conv. 3 83 - micro. 8; conv. 3
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TMI— RllaDate/Tlme 20050977 —15:00 (5] © (x| xv 3.10a-20070520: tmp_test_mp3culirl_fOO/TB_89_H_resTMI_402x402_2005

: WRF—Rita Domain = 402x402 pomts Dateﬂlme 20050922—-15:00 'pl

Example of
Using
Instrument simulators

and

D X! xv 3.10a-20070520: tmp_test_mp6culirl_fOO/TB_89_H_resTMI 402)(402_20057 D O O X xv 3.10a-20070520: tmp_test_mchu1|r1_fOO/TB_SE)_H_resTM!_402x402_2005‘

WRF—Rita Domain = 402x402 points; Dute/Tlme 20050922—-15:00 WRF—Rita Demain = 402x402 points;Dute/Tl'me: 200B0922—-15:00 ObJeCt CO' I Iparlson

MlcrophyS|cs 6 : - | : to investigate

| | : 5 E 5 the impact

of microphysics
on storm structure

- ! é : : : : :
b N ! . _ . : : : "

N T W

Resolution:  3.9x 9.1km; TB_88_H [K]; Max/Min = 287,78/ 83.34 Resolution:  3.9x 9.1km; TBLBI_H [K]; Max/Min = 287.11/135.15
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Backup
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@ Why Study Hurricanes ? JPL

. Hurricanes are among the most destructive natural
phenomena with huge societal and economic impact. &

. Each year they threaten the -
US coast, cause damages | =
worth billions and take life.

| Venice, Louisiana - 8/30/2005
Galveston, Texas - 9/13/2008
_— | R - -

4!

. Damages for 2008 only are
estimated at $54 billion.

. Some 130,000 died when a
cyclone struck Myanmar along the
Andaman Sea in 2008.

. The deadliest U.S. hurricane was
the 1900 Galveston storm, which
killed 8,000 to12,000 people and
destroyed the city. Katrina (2005) R T e B i At
killed some 1,200 people, and left 57 il g 2 (8 M
hundreds of thousands homeless. R \ad s

» > "‘.’ - o
Ean. %, e e
b 'l‘;‘&i}. LPLf. By s .

L. W
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Current state-of-the-art hurricane prediction 9 -

AVERAGE ERRORS

° 25% reduction in 48 FOR HURRICANE TRACK PREDICTIONS

r |
hour track error over the ; | 950ur
past 6 years T | st

g ¥ 8 8 8 8

ERROR IN NAUTICAL MILES

o

AVERAGE ERRORS IN INTENSITY
PREDICTIONS FOR ATLANTIC HURRICANES

k.
- S6.0our
o 1 72-n0ur
Z J.' \ r 48.our
¥ & . ‘.:T IT . = 24hour
- ]
o Intensity forecasts have «
not improved. -
n
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Unnecessary Costly Evacuations JPL

« The approach of Rita provoked one the largest evacuations in U. S. history.

« The number of evacuees in Texas could have exceeded two million!

. direct fatalities - 7 ; “indirect” - at ~120 with the majority happening during the
unnecessary evacuation. B .

« Disrupted oil and gas production

| | ==y

« NOAA established the Hurricane Forecasting Improvement Project in order to
accelerate improvements in one to five day forecasts for hurricane track,

intensity, storm surge and to reduce forecast uncertainty.
3/4/09 19



What needs to be done ... JPL

- A need to understand the physical processes that determine
hurricane track and evolution.

- A pressing need to validate and improve hurricane forecast
models!!

- None of this can be accomplished without bringing together
models and observations into a common analysis system which
does not yet exist

- JPL is uniquely positioned to accomplish that because of our:

e extensive experience with satellite observations and intimate
knowledge about retrieved products, many developed at JPL

e ability to bring observations and models together by developing
instrument simulators that use the model output and generate
satellite “observables” needed:

- for model-data comparisons
- for data assimilation

- for instrument and mission design
3/4/09 20



Objectives of the TCIS -*-

To provide fusion of multiparameter observations
(satellite, airborne and in-situ) and model output, relevant
to both the large-scale and the storm-scale hurricane
processes in the atmosphere and in the ocean with the
purpose of:

- understanding the physical processes that determine
hurricane genesis, intensity, track and impact on
large-scale environment

- improving the hurricane forecast by facilitating
hurricane model validation and improvement

- enabling studies aimed at developing new
algorithms, sensor systems and missions.

3/4/09 21



@ How it all started ... SPL

« Awareness phase: - Sept. 06-Dec. 06

- Multiple JPL satellite missions measure various aspects of
hurricanes

- Several NRC decadal survey recommended mission concepts are
related to hurricanes

- Three groups run hurricane models
« Formulation phase - Jan. 07
- Avirtual group has been established with bi-weekly meetings
_ Hurricane Lecture Series
« Design phase
- May 07: ISC R&TD proposal submitted and funded

- Sept. 07: Successfully delivered the database/web-portal prototype
and submitted the ISC R&TD final report and poster

. Development phase

- Dec. 08: Released the portal for public use with one full year of
globally observed tropical cyclones.

3/4/091/8/09 22



@ What we have have achieved —PL

« Members of the group submitted a number of Pl-lead
proposals (7) and participated as Co-Is in a significant
number of other proposals

. Two of the Pl-lead proposals have been funded and a third
one is a serious contender. One of the Co-l proposals has
also been funded.

« There are a couple of proposals still pending

. Established collaborations with:

- Researchers from NOAA'’s Hurricane Research Division and
the National Hurricane Center

- Researchers from the Naval Postgraduate School

- Researchers from the Academia

3/4/09 23



@ Where do we go from here? JPL

« Specific Objectives

« Enlarge the Hurricane database to create Decadal time series to
address the question: Can global warming increase the hurricane
frequency and/or intensity?

« Analysis tools to enable multi-sensor data/model fusion
« Add hurricane model output to enable model evaluation
« Support future field campaign and satellite mission design

« Expand collaborations

« Organize a workshop to promote the TCIS and to seek active input
from the scientist on the future development

« Look for funding opportunities
« Establish new collaborations - we are looking for your input!!

3/4/091/8/09 24



